A new voltage sag compensator with a gradationally controlled voltage inverter which exceeds SEMI F47 standard has been developed. It consists of a gradationally controlled voltage inverter in which inverters are connected in series and are charged at different voltages to each other, and which outputs the sum of each output voltage. This system is small and with an extremely low loss.
Introduction
In the semiconductor manufacturing process, voltage sags caused by lightning strikes cause defects, and it is important to be protected against them [1] [2] . Until recently the uninterruptible power system (UPS) with lead-acid batteries was generally used to protect important loads. Normally, the UPS can back up from a few minutes to tens of minutes, however, it requires maintenance of the batteries and cooling fans. It is also too heavy to set up easily. However, sag compensators have been made practicable recently. They are small and light and don't require maintenance because they use electrolytic capacitors or electric double layer capacitors [3] [4] [5] . But problems remain in the miniaturization and lightening of the compensators according to the weight of the LC filters and transformers.
Our newly developed sag compensator with a gradationally controlled voltage inverter [6] [7] is a transformer-less series sag compensator which generates a staircase sine wave voltage by using four inverters in series. We can make the compensator small and weight light with this system because transformers and filters are unnecessary. In addition, the system is cheap with an extremely low loss, making it suitable for line preferred systems.
2. Principle of operation 2 .1 Equipment configuration The UPS systems, including sag compensators, are roughly classified into two kinds, the "line preferred system" and the "inverter preferred system" [8] . In line preferred systems, electric power is normally supplied to loads through a closed by-pass switch. When a voltage sag occurs, the by-pass switch is opened and the inverter starts to compensate. Therefore, the accuracy of the voltage waveform depends on the grid voltage though normally there is an extremely small loss. On the other hand, electric power is always supplied to the load by the inverter output in inverter preferred systems. Therefore, a highly accurate voltage waveform can be output but the loss is large. Each 
where "n" stands for the voltage sag magnitude expressed in per unit, P/oad is the power of the load and Tcomp is the compensation time.
In the parallel type, n always equals 0. Fig. 1 shows the specifications of SEMI F47 [9] Fig. 11 shows the results. The efficiency was more than 98% at 1 kW, and 99% at 2 kW. The loss of nonnality was 27.6 W from the efficiency at 3 kW. These losses were direct conduction losses in the electric power line and the power consumed by the control circuits, and they can be cooled sufficiently by air cooling without blowers. 
Commercial Products
The compensator has been developed into commercial products. 
